Principle.
Figure 1 represents a tube (about 3 cm in diameter) with a fine gauze stretched across it.
FIG. l
The principle of the device. When gas flows in the direction of the arrow there is a difference between the pressures PI and P2 owing to the resistance of the gauze diaphragm.
The gauze is bypassed by a smaller tube (about 2 mm in diameter) which contains an additional constriction (a 2 cm length of tube having an internal diameter of 0.6 mm). When gas is flowing in the tube the pressure PI is greater than the pressure P2. The difference causes some gas to flow through the bypass. The pressure difference (PI -P2) is not necessarily proportional to
•Present College.
address: Department of Physics, King's 235 the rates of flow through either channel but it has been found possible, by trial and error, to match the characteristics of the gauze and the constriction so that the relationship between the two rates of flow is definable and reasonably constant. Since the same gas mixture flows through both systems, small changes in its viscosity are not of major importance and only approximate knowledge of its composition is necessary for accurate calibration. The arrangement may be regarded as a pneumatic version of the "shunting" of current through a low resistance in parallel with a sensitive electrical meter. The measurement of the small gas flow through the bypass is made from the movement of a soap film formed across it (Barr, 1934) .
The practical device. Figure 2 shows a scale drawing of the two parts of the device. It will not be described in greater detail since the few dimensions which are critical were determined by trial and error and are given in the text. Figure 2A shows the valve unit which, apart from the flaps of the valves, is made of brass. The gauze resistance is of double thickness, mounted after a filter made of the same gauze (350 mesh) to prevent occlusion of the pores by dust, and hence alteration of calibration. The rates of flow in the main and bypass channels are in the approximate ratio of 600:1. A small pressure-equalizing channel passes from the inspiratory to expiratory tubes since otherwise, when using an IPP respirator producing a square wave, the calibration factor of the meter varies with the respiratory frequency. Figures 2B and 2c show the measuring unit which is made of Perspex. It is connected to the valve unit by two rubber tubes, 90 cm long. The soap film passes down the inclined tube which is graduated in centimetres. The tap at the bottom of the slope is to allow drainage of soap solution and flushing of the apparatus if the composition of the gases is changed abruptly.
VALIDATION OF THE DEVICE BY EXPERIMENT
The only experiments reported here are those in which a mock patient was ventilated by an IPP respirator. The minute volume was estimated by the new device and simultaneous measurements were made by a second experimental system of known high accuracy. The respirator has been described elsewhere (type 1 of Horton, Inkster and Pask, 1956 ). Since its mechanism abruptly intermits the flow of fresh gases from a constant pressure reservoir to the patient it is of the "square wave" type. The elastic properties of the mock patient were provided by a bellows having compliance 43 ml/cm H 2 O for the first 10 cm increase in pressure and 34 ml/cm for a pressure change of 20 cm H,O. This compared well with the suggested average compliance of 40 ml/cm for patients receiving artificial respiration (Elam, Kerr and Janney, 1958) . The frictional resistance of the mock patient was satisfactorily close to the suggested value of 2 cm H a O/l./sec of Zechman, Hall and Hull (1957) .
The first experiments were carried out with air. The bellows of the mock patient were enclosed in a rigid Perspex box. The volume of air dis-placed per minute by the inflation of the bellows was measured by a dry gas meter (error ± 30 ml in 10 1.) in a valved system of negligible slip. Appropriate corrections were made for the compressibility of the air in the system (in the range 7 to 40 ml/cycle). The calibration factor of the device was expressed as cm travel of the soap film per litre of air passed. The effects of changes in the following variables were investigated.
Compliance. No alteration of calibration factor was observed when the compliance of the mock patient was halved.
Frictional resistance. When the peak pressure in the system was kept constant there was no significant variation of calibration factor with frictional resistance in the range 0-16 cm HjO/L/sec. For instance, with the standard mock patient the mean of ten values was 0.656 (range 0.646-0.673). With the resistance removed the mean of ten results was 0.658 (0.651-0.672).
Frequency. Provided that peak pressure was not altered the calibration factor was independent of the frequency of cycling up to 40 c.p.m. This is shown in table I. Minute volume. The above results implied that when the peak pressure was constant the calibration factor would not vary with minute volume. Confirmation of this is shown in table II.
Composition of gases. The calibration factor for nitrous oxide was 8 per cent lower than that for oxygen and the variation was in direct proportion to the percentage of nitrous oxide in the mixture. Thus a 10 per cent variation in composition resulted in less than 1 per cent change in the calibration factor. Peak pressure applied to the mock patient. A final extensive series of experiments was carried out in which the standard mock patient was ventilated with a mixture of 70 per cent nitrous oxide in oxygen. Variations in the peak pressure caused variations in the calibration but alteration of other variables within the relevant physiological range had no systematic effect. Figure 3 shows the results of fifty determinations of the calibration factor. The range of pressure was 8-32 cm H 2 O; of frequencies 6-20 c.p.m.; of tidal volumes 280-800 ml; of minute volumes 2-9 l./min. The solid line was fitted by eye. It represents a calibration factor of 0.625 at a peak pressure of 14 cm H,O, increasing by 0.002 per cm H 2 O increase in pressure. The standard deviation of the fifty points about the line was ±0.0154 or 2.46 per cent. The broken lines represent mean ± S.D. Owing to the experimental method used, this variation in calibration factor with pressure includes the correction for the compressibility of the gases in the system between the resistance gauze and the mock patient.
Justification for the use of the device rests upon the measured volume being truly fresh gas, not significantly contaminated by previous expirate. Extensive tests of the slip of the valves established that the quantity of expired gases reintroduced was unlikely to exceed 2 ml/cycle, which could be ignored.
It is also important for the validity of physiological measurements that the resistance to the patient's expiration is small. The resistance of the device was largely independent of the rate of flow in the relevant range. The opening pressure of the valve was 0.5 cm H,O, which was • V «*.^^<^^ -" -*. > ^ -
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Fio. 3 The relationship between the calibration factor and the peak pressure applied to the mock patient.
also the pressure required to maintain a constant flow of 1 l./sec. through the expiratory path.
SUMMARY
A simple pneumatic device is described for asuring the minute volume of patients on A simple pneumatic device is described measuring the minute volume of patients IPP respirators.
